Kampo is a Japanese traditional medicine that was developed from traditional medicine originating in ancient China. Kampo medicines are generally produced by the combination of various crude drugs containing many constituents that have additive and/or synergistic effects or minimize harmful reactions. This characteristic makes it extremely difficult to reveal the mechanism of the pharmacological action. Kampo medicines are orally administered, and they contain many kinds of glycosides as the main and/or active constituents. The glycosides are not absorbed and brought into the lower part of the intestine. Most glycosides may be metabolized by intestinal bacteria producing b-D-glucosidases before being absorbed into the body. Therefore, the intestinal bacteria related to the metabolism of glycosides administered orally are important to understand the pharmacological effects. [1] [2] [3] 
Daiokanzoto (DKT) is the most well-known Kampo medicine and has been used for the treatment of constipation. DKT consists of Rhei Rhizoma (rhubarb) and Glycyrrhizae Radix (glycyrrhiza). Rhubarb and sennoside A, one of the main constituents of rhubarb, are well known to induce diarrhea. Glycyrrhiza is a crude drug contained in more than 70% of Kampo medicines certified by the Japanese Ministry of Health and Welfare. 4) Glycyrrhiza has been considered to moderate the effects of other crude drugs in Kampo medicine. Glycyrrhiza showed a significant potentiating effect on the purgative action of rhubarb in rats when DKT was prepared as a proportion of rhubarb 4 to glycyrrhiza 1. 5) This potentiating effect is mainly due to the enhanced secretion of water in the colon. In DKT, glycyrrhiza and liquiritin, the main constituent of glycyrrhiza, cooperatively prevent the rhubarb-induced strong spiking activity of colonic circular mucus. 6) Sennoside A is an inactive glycoside and it is a prodrug that is transformed into an active metabolite, rheinanthrone, by intestinal bacteria. [7] [8] [9] Studies on the metabolism of sennoside A in DKT contribute to the understanding of the pharmacological action of the drugs now in use. Although we developed an HPLC method for simultaneous determination of sennoside A metabolites in studies on the metabolism of sennoside A with rat and mouse feces, 10) rheinanthrone was unstable in the incubation mixtures of rhubarb. Therefore, sennoside A was used as a marker compound in this study on the metabolism of sennoside A. HPLC methods for the determination of sennoside A in rhubarb have been reported, [11] [12] [13] [14] but these methods were not applicable to the determination of sennoside A in the incubation mixtures of DKT because of interferences from the other metabolites present.
In this report, a reliable and simple HPLC method for determination of sennoside A after anaerobic incubation of DKT with mouse fecal flora is described. In addition, to elucidate the role of glycyrrhiza in DKT, we investigated the effect of constituents in glycyrrhiza on the purgative action of sennoside A using this method.
Experimental
Materials The chopped crude drugs in DKT, rhubarb (kinmon-daio in Japanese) and glycyrrhiza (touhoku-kanzo in Japanese), were purchased from Tochinototenkaido (Osaka, Japan). Sennoside A and glycyrrhizin were purchased from Wako Pure Chemical Industries (Osaka, Japan). Liquiritin and liquiritin apioside were used as authentic samples. Ultrapure distilled water was prepared with deionized-distilled water. All other chemicals were analytical reagent-or HPLC-grade commercial products.
Animal Preparation Animal experiments were carried out in accordance with the Guidelines for Animal Experimentation of Fukuyama University. Male ddy mice, weighing 30-40 g, were obtained from SHIMIZU Laboratory Supplies (Kyoto, Japan) and housed in a 12 h light-dark cycle at 21 to 24°C for at least one week before the experiments. They were given free access to food and water throughout the study.
Chromatographic Condition The HPLC apparatus was an Agilent Technologies 1100 Series system (Waldbronn, Germany) consisting of a binary pump, an autosampler, a thermostated column compartment and a photodiode array (PDA) detector. All modules and data collection were controlled by Agilent Chemstation software. The column was a TSKgel ODS80TsQA reversed-phase column, particle size of the packing 5 mm, 150ϫ4.6 mm i.d. (Tosoh, Tokyo, Japan). The mobile phase was a gradient system with 200 ml · l Ϫ1 (ca. 0.017%) phosphoric acid in water (A) and ace- Daiokanzoto (DKT, combination of rhubarb and glycyrrhiza), a Kampo medicine, is clinically effective for constipation. Sennoside A is well known to induce diarrhea. Sennoside A is a prodrug that is transformed into an active metabolite, rheinanthrone, by intestinal bacteria. In this study, we investigated the effects of glycyrrhiza on the activity of sennoside A metabolism in intestinal bacteria using mouse feces. A high-performance liquid chromatography (HPLC) method for the determination of sennoside A in incubation mixture of DKT with mouse feces was established. The retention time of sennoside A was 9.26Ϯ Ϯ0.02 min with a TSKgel ODS-80TsQA column by linear gradient elution using a mobile phase containing aqueous phosphoric acid and acetonitrile and detection at 265 nm. We found that the activity of sennoside A metabolism in intestinal bacteria was significantly accelerated when glycyrrhiza, liquiritin or liquiritin apioside coexisted with sennoside A, whereas that of glycyrrhizin was not altered. This method is applicable for determination of the activity of sennoside A metabolism by anaerobic incubation of DKT with mouse feces. tonitrile (B), which were deaerated by sonication before use. Elution program was performed from 19 to 20% B for 3 min, 20 to 21% B for 5 min, a stepwise increase to 38% B for 0 min, 38 to 42% B for 8 min and a stepwise increase to 90% B for 4 min to wash. A re-equilibration period of 12 min was used between individual runs. The flow rate was 1.0 ml · min
Ϫ1
. The injection volume was 5 ml. The column temperature was 50°C. The detection wavelength was set at 265 nm for determination and in the range of 200 to 500 nm for validation of peak purity.
Assay of Activity of Sennoside A Metabolism by Mouse Intestinal Bacteria Fresh feces obtained from mice were homogenized in 5 volumes of 0.01 M potassium phosphate buffer (pH 7.4) by bubbling with CO 2 gas to eliminate air. The fecal suspension was centrifuged at 1500 g for 1 min and the supernatant was used as an intestinal bacterial mixture. Tubes containing sennoside A (0.375 mg) in 0.01 M potassium phosphate buffer (0.25 ml) and a fecal suspension (1 ml) were incubated at 37°C for different incubation periods (2, 4, 8 h) under anaerobic conditions. Anaerobic procedures were carried out using an anaerobic jar with an AnaeroPack (Mitsubishi Gas Chemical, Tokyo, Japan). The reaction was immediately stopped by adding 0.425% v/v phosphoric acid in methanol (1.25 ml). After centrifugation at 1500 g for 5 min, the supernatant was passed through Minisart RC 15 (Japan Sartorius, Tokyo, Japan) and subjected to HPLC. The control process involved an incubation mixture at 0 min, as mentioned above. Metabolic rate was calculated by the percentage of the content of sennoside A in the incubation mixture compared with that in the control.
Preparation of Calibration Curve Sennoside A was accurately weighed and dissolved in 0.2 M ammonia-methanol to prepare a concentration of 6 mg/ml (stock solution). Test solutions were prepared followed by continuous dilution of the stock solution with methanol to give the twelve respective concentrations (1.7 mM to 3.48 mM). Linearities were examined using two different standard solutions. Standard solution I was prepared from the test solutions (0.5 ml) by mixing with 0.01 M potassium phosphate buffer (1.25 ml) and 0.708% v/v phosphoric acid in methanol (0.75 ml). Standard solution II was prepared from the test solutions (0.5 ml) by mixing with water (1.25 ml)-methanol (0.75 ml). Standard solution was filtered through a Minisart-RC 15 filter and subjected to HPLC. The calibration curves were analyzed using linear regression derived from the peak area of sennoside A with three injections for each concentration.
Recovery Tests Incubation mixtures were prepared by incubating sennoside A (0.05 mg), DKT (5 mg) or sennoside A-glycyrrhiza (0.375, 4.25 mg, respectively) in 0.01 M potassium phosphate buffer (0.25 ml) and a fecal suspension (1 ml) at 37°C for 4 h under anaerobic conditions. The incubation mixtures spiked with various concentrations of test solutions (0.5 ml) were immediately mixed with 0.708% v/v phosphoric acid in methanol (0.75 ml). After centrifugation, the supernatant was passed through a Minisart RC 15 and subjected to HPLC. Spiked samples were then analyzed in triplicate. The recoveries of sennoside A were determined from the slope ratios of regression equations with/without the incubation mixture using standard solution II.
Precision The within-day and day-to-day precision of the method for determination of sennoside A was evaluated using standard solution II and DKT. The test solution (0.5 ml) diluted 16 times was mixed with 0.01 M potassium phosphate buffer (1.25 ml) and 0.708% v/v phosphoric acid in methanol (0.75 ml). DKT (5 mg) in 0.01 M potassium phosphate buffer (0.25 ml) was added to a mixture of fecal suspension (1 ml) and 0.425% v/v phosphoric acid in methanol (1.25 ml). The within-day precision was examined with fifteen replicate assays on the same day. The day-to-day precision was assessed by analyzing a mixture stored at 4°C on five different days over two weeks. All sample solutions were filtered through a Minisart-RC 15 filter and subjected to HPLC.
Statistical Analyses Data are shown as the meanϮS.D. The statistical significance of differences among values was examined by Dunnett's test. A probability value of pϽ0.05 was considered to indicate statistical significance.
Results and Discussion
Separation of Sennoside A in Incubation Mixture of DKT We have been studying metabolic study of glycyrrhizin using rat and mouse feces. [15] [16] [17] To elucidate the role of glycyrrhiza in DKT, the influence of glycyrrhiza and glycyrrhiza constituents on the activity of sennoside A metabolism was investigated using mouse feces. HPLC methods for the determination of sennoside A in rhubarb have been developed. [11] [12] [13] [14] However, these methods were not applicable to the determination of sennoside A in incubation mixtures of DKT, because metabolites derived from glycyrrhiza constituents interfered with the measurement of sennoside A. We have reported an HPLC method for determination of sennoside A in Kampo medicines containing rhubarb 18) ; however, it is difficult to measure sennoside A in incubation mixtures of DKT because sennoside A cannot be separated from other metabolites. Several columns were preliminarily tested. The adequate separation of sennoside A was achieved with TSKgel ODS-80TsQA reversed-phase column as shown in Fig. 1 . Analysis of the incubation mixture was performed using an HPLC apparatus equipped with a PDA detector. UV data of the effluent from the column ranging from 200 to 500 nm were collected. Sennoside A has a maximum UV absorbance at 265 nm. The optimum monitoring wavelength for quantification was set at 265 nm. When DKT with a fecal suspension was incubated at 37°C for 4 h under anaerobic conditions, the peak of sennoside A almost disappeared. Sennoside A was clearly separated without any pre-purification and determined within 20 min without interference from coexisting components. Phosphoric acid (ca. 0.017% v/v) in the mobile phase affected the increase of the capacity factor of sennoside A, which has a carboxylic moiety. The retention time (capacity factor, kЈ) was 9.24Ϯ0.02 min (kЈ: 4.84). The relative standard deviation (RSD, nϭ10) of the retention time was 0.24%. The peak was identified by comparison with an authentic specimen on inspections of the retention time and the UV spectrum, and purity was checked by three-dimensional chromatography.
Calibration Curve, Recovery Test and Precision When standard solution I and standard solution II were prepared, sennoside A precipitated in standard solution I in a high-concentration range. The slopes of regression equations of standard solution I and standard solution II were examined. However, the slope of the regression equation of standard solution II obtained at a wide range of concentration was almost the same as that of standard solution I obtained at the low-concentration range. In this study, the standard curve obtained from standard solution II was used. Linearity was evaluated over two ranges of 3.40 to 440 mM and 108.7 to 1740 mM. The regression equations (correlation coefficients) .36xϪ0.13 (1.0000) and yϭ0.36xϩ0.39 (0.9998) , respectively, where y is the peak area and x is the concentration (mM). The recovery was examined using incubation mixtures of sennoside A ( Fig. 2A), DKT (Fig. 2B) or glycyrrhiza (Fig. 2C) spiked with various concentrations of test solutions (52.3 to 418.6 mM, 102.4 to 871.7 mM) after incubation at 37°C for 4 h. The relationships between the peak areas and the concentrations were linear. The recoveries obtained were 100.8, 97.5 and 94.4%, respectively. The detection limit of sennoside A (signal-to-noise ratioϭ3) was 8.5 pmol per injection (5 ml).
The within-day and day-to-day precisions of the method for determination were evaluated using standard solution II and the incubation mixture of DKT. The within-day precision was examined with fifteen replicate assays per day and the day-to-day precision by assays on five different days. As shown in Table 1 , the within-day and day-to-day relative standard deviations were 0.25 to 1.31%.
Effect of Glycyrrhiza on Activity of Sennoside A Metabolism Glycyrrhiza is one of the most frequently used crude drugs in Kampo medicines. To investigate the effects of glycyrrhiza in DKT, the investigation of sennoside A metabolism, to which glycyrrhiza was added, was carried out. In Fig. 3 , the mean time courses of metabolic ratio of sennoside A are shown. At more than 2 h of incubation, sennoside A was significantly metabolized in the presence of glycyrrhiza compared with the case in the absence of glycyrrhiza (Fig.  3A) . Although glycyrrhizin is known as one of the active saponins of glycyrrhiza, it showed no influence on the metabolic ratio of sennoside A (Fig. 3B) . On the other hand, the activity of sennoside A metabolism was significantly accelerated by increasing the amounts of liquiritin and liquiritin apioside (Figs. 3C, D) . These are flavonoid glycosides abundantly contained in glycyrrhiza. These results indicated that glycyrrhiza significantly enhanced the transformation of sennoside A. Liquiritin and liquiritin apioside contributed as active substances in glycyrrhiza, which promoted the metabolism of sennoside A.
Kampo medicines are orally administered so that the glycosides contained in them may be metabolized by the intestinal bacteria before absorption from the gastrointestinal tract. DKT composed of rhubarb and glycyrrhiza is one of the most frequently prescribed Kampo medicines and is used for the treatment of constipation. The purgative effect of DKT is due to rhubarb. Sennoside A, the main purgative constituent of rhubarb, is a prodrug that is transformed into an active form, rheinanthrone, by intestinal bacteria. In the present study, we investigated the finding that sennoside A was significantly metabolized in the presence of glycyrrhiza. Furthermore, the metabolic activity of sennoside A was significantly accelerated when liquiritin or liquiritin apioside coexisted with sennoside A in a dose-dependent manner.
In summary, the HPLC method described in this report is sufficiently reliable and simple to be used for the determination of sennoside A in an incubation mixture of DKT with mouse feces. We demonstrate that liquiritin and liquiritin apioside significantly enhance the potent transformation of sennoside A using this method. The results of this study suggest that the influence of these constituents on the fate of rheinanthrone transformed from sennoside A improve the purgative activity of rhubarb. Therefore, we consider that the significance of the combination of rhubarb and glycyrrhiza has been proved in the purgative action of DKT. 
